Filtration of sediments from floodwaters is a normal function of riparian forests (Meyer, 1990) and, depending
the vegetation, both standing and dead. While some sedi-0 in references to 4.0 cm yr Ϫ1 . Decomposition rates declined exponenment accumulation reflects a natural process in depositially with sedimentation rates as low as 0.20 to 0.32 cm yr Ϫ1 and appeared tional topographic positions (Hupp and Morris, 1990) , to reach an equilibrium at a sedimentation rate of 0.5 cm yr Ϫ1 . Nitrogen there exists little understanding of critical levels beyond mineralization and microbial C and N followed the same trend. Sediwhich further accumulation becomes a stress in regard mentation had no discernible effect on arthropod populations. These data suggest that biogeochemical cycles may be altered by sedimentato ecosystem integrity and function (Jurik et al., 1994;  tion rates that commonly occur in some floodplain forests. Adamus and Brandt, 1990) .
Although floodplain forests are naturally subject to varying degrees of alluviation, upstream or upslope land use may increase sedimentation rates to the point that T he water filtration function of wetland ecosysthe riparian vegetation is severely damaged (Bazemore tems is commonly acknowledged to hold enormous et al., 1991) . Severe damage may affect roughness and potential benefit for society and, appropriately, has a result in a reduction of the capacity of the system to growing influence on public policy (Novotny, 2003) .
trap sediment (Hupp and Osterkamp, 1995 ; Hupp and While a conceptual awareness of water filtration by wet- Bazemore, 1993) . Additionally, excess nutrients, trace lands is widespread, we know much less about specific elements, and other hydrophobic contaminants are ofaspects such as the capacity of various wetland types to ten physically bound to fine sediment (Johnston et al., accumulate filtrates. Consequently, our limited under-1984; Hupp et al., 1993) and forested riparian areas standing significantly restricts the extent to which natufunction to remove these environmental contaminants. ral filtration provided by wetlands can be utilized for Consequently, excessive sedimentation has the potential societal well-being.
to impair the filtration function and negatively affect A key question is how susceptible the water filtration downstream water quality (Hupp, 1992;  Boto and Patfunction may be to ecosystem stresses of anthropogenic rick, 1979) . origin. The impact of land use on sediment export into At a general perspective, some functional changes streams and elevated deposition in wetlands may repremay be hypothesized as responses to elevated rates of sent one type of stress. Already causing a very serious deposition. If sediment influx exceeds sustainable loadwater quality problem throughout the world, expanding ings, tree roots may be subjected to increasingly anoxic human populations and resulting landscape changes will conditions resulting in growth declines and, ultimately, continue to heighten the severity of the sediment export mortality (Cavalcanti and Lockaby, 2003; Junk and Pieissue (Novotny, 2003) . Higher sediment loads in streams dade, 1997; Broadfoot and Williston, 1973 ; Kennedy, imply greater sediment accumulation within riparian 1970). In long-term scenarios, a vegetation transition wetlands, as those systems respond as filters to the inmay occur in which species capable of tolerating new creased loadings. Elevated deposition rates have been site conditions (e.g., developing new roots as alluvium observed in riverine forests within watersheds that have aggrades) increase in dominance. significant levels of agriculture or urbanization (Thom et Changes in vegetation caused by excessive sedimentaal., 2001; Hupp, 2000; Kleiss, 1996; Howarth et al., 1991 (Wang et al., 1994; Mayack et al., 1989 lation beyond which nutrient cycling attributes change
Long-term and current sediment deposition (i.e., during the markedly.
course of the study) have the potential to influence ecological processes singularly or in combination, so each was estimated on all upper plots. There were no visual indications of stem
MATERIALS AND METHODS

burial or alluvial fans on upper plots in reference catchments
Study Site and Design
or on lower plots in any catchment, so sedimentation rates there were assumed to be nonexistent or to have occurred The study was installed at the Fort Benning Military Instalprior to establishment of the current overstory. Long-term lation near Columbus, Georgia, USA, where disturbance from sedimentation rates on upper plots were estimated in July mechanized vehicle maneuvers has generated significant sedi-2003 using the dendrogeomorphic technique of Hupp and ment movement. The installation occupies 73 000 ha in west- Morris (1990) . Three to four saplings of one of the following central Georgia and east-central Alabama and the portion species: tag alder, post oak, red oak, flowering dogwood, lobthat lies within the Coastal Plain physiographic province was lolly pine, or red maple, were selected at random within each used for this study. All study sites are associated with riparian upper plot, excavated to the root collar, cut to remove a disk, forests of ephemeral streams. and aged. Because no ring width measurements were to be The main source of sediment to riparian areas at Fort Bentaken and annual rings were relatively distinct, cross-dating ning is unpaved roads and trails that are used by military was not performed. Sapling ages averaged 25 yr of age and traffic. The roads are generally established along ridgelines were approximately 8 to 10 cm in diameter. Current sedimenand, consequently, the sandy substrate on road edges and near tation rates were estimated using erosion pins (Lal, 1994 ) that turn-outs erodes quite readily. Sediment moves downslope primarily in channelized flow through ephemeral streams and were sampled bimonthly. Decomposition was studied using the litter bag approach determined on litter samples using thermal combustion on a (Swift et al., 1979) . Foliar litter was collected in traps (0.5 m 2 , PerkinElmer (Wellesley, MA) 2400 Series II CHNS/O anthree per plot), air-dried, and sorted by species on an individalyzer. ual plot basis. Eight 13-ϫ 13-cm litterbags composed of nylon Nitrogen mineralization was estimated using the in situ mesh (6-mm opening on the upper side and 2-mm opening methodology outlined by Hart et al. (1994) . Seven sampling on the side in contact with the soil) were filled with a mix of collections (at approximately 3-mo intervals) were made belitter that reflected the tree species composition of each plot.
tween on ice for transportation to Auburn University laboratories. 0 collection was used to estimate handling loss and starting These were extracted for NH 4 -N and NO 3 -N to ascertain conditions in terms of C and N content. After removal from initial levels of mineral N prior to in situ incubations. The the field, bags were placed inside paper sacks for transport additional two samples were placed in polyethylene bags and to the laboratory. Litter was removed from the bag, gently returned to the soil where they were buried to the same depth. washed if necessary to remove extraneous material, ovenThe latter samples were collected after 30 d and extracted to dried at 70ЊC for 48 h, and weighed. Total C and N were estimate the amount of N mineralized (sum of NH 4 -N and NO 3 -N) per day over that time period. Microbial biomass was determined using the chloroformfumigation technique (Vance et al., 1987; Brooks et al., 1985) . Soil sampling occurred in tandem with N mineralization collections and consisted of two pairs of soil samples (7.5 cm deep, 75 mL each) being gathered with the use of a push probe from each plot. Samples were bagged, put on ice, and transported to laboratories for analyses. One sample within each pair was subjected to chloroform fumigation and then all samples were extracted with K 2 SO 4 . Extracts were analyzed for total C using a Dohrmann DC-80 total organic carbon analyzer (Rosemount-Dohrmann Analytical, Santa Clara, CA) and total Kjeldahl N (Bremner, 1996) .
During March and September 2003, 0.1-m 2 samples of unconfined forest floor were collected from upper plots in all catchments and sampled for arthropod populations. The Berlese-Tullgren funnel extraction technique (Seastedt and Crossley, 1980) was used. Litter samples were subjected to constant Sedimentation and 23ЊC, respectively. The range of temperatures showed Long-term sedimentation rates on upper plots ranged greater divergence between upper and lower plots in disfrom none in reference catchments to 4.0 cm yr Ϫ1 on turbed catchments (i.e., 7 and 4ЊC, respectively). Correupper plots (Table 1) . Similarly, erosion pin estimates sponding values for the reference catchments were both of sediment accumulation for the current study period 4ЊC. The wider range of temperatures and slightly higher ranged from slightly negative (in the reference catchmaximums on upper plots in disturbed catchments may ments R1 and R2) to 3.2 cm yr
Ϫ1
. Average rates for the create harsher conditions there for some microbial popnonreference catchments (D1-D7) were 1.5 and 1.7 cm ulations (Swift et al., 1979) . yr Ϫ1 for long-term and current data, respectively, and are higher than some reported elsewhere. Sediment de- , respecand were not significantly different. Rates within this range are near the average of 1.01 noted for wetland tively (Hupp, 2000) . Similarly, Hupp and Bazemore (1993) reported average deposition rates of 0.24 to 0.28 cm forests in the U.S. Southeast (Lockaby and Walbridge, 1998) and well within ranges noted for wetland forests yr Ϫ1 in riverine wetlands of western Tennessee. However, along natural levees of a Wisconsin stream, rates in the temperate zone (Brinson, 1990) . The regression relation between decomposition rates averaged 2.62 cm yr Ϫ1 (Johnston et al., 1984) .
The relationship between historic and current sediand long-term sedimentation rates was significant (r 2 ϭ 0.62, P ϭ 0.04) (Fig. 3) . Apparently, a rapid decrease ment accumulation was pronounced (P Ͻ 0.0001, r 2 ϭ 0.59). This suggested that the extent of sediment movein decomposition rates occurred even with the smallest sedimentation levels observed (i.e., 0.20-0.32 cm yr Ϫ1 ). ment on the upper plots during the study period was not atypical, at least in a relative sense, compared with
Rates of carbon loss appear to approach a reduced equi- between upper and lower plots may be in part due to In comparing decomposition among several floodplain generally high levels of variation associated with mean forests in the southeastern United States, Baker et al.
estimates (Table 1) . (2001) observed the lowest rates of foliar litter decomposition on the Cache River floodplain in Arkansas, a
Microbial Carbon and Nitrogen
system characterized by high rates of sediment accumuMicrobial C averaged 81 and 394 g g Ϫ1 on upper lation (Hupp, 2000) .
plots of disturbed and reference catchments, respectively. These values are lower than ranges reported by
Nitrogen Mineralization
White and Reddy (2003) (Groffman and Crawford, 2003; White and Reddy, 2003) , which are forest in South Carolina. Microbial N levels were 45 and 21 g g
Ϫ1
, respectively, on upper plots of the reference difficult to compare directly to field incubations. Although intact soil cores were used, as opposed to the and disturbed catchments. Again, these values are somewhat lower than those reported by Schilling et al. (1999) disturbed soil in bags of the present study, the levels reported by Piatek and Allen (1999) in undisturbed and and Groffman et al. (1996) . Comparisons between upper and lower plots within harvested forests in the North Carolina Piedmont were somewhat higher than those reported here. However, catchments suggested that, at higher sedimentation rates (i.e., above 0.32 cm yr
), microbial C and N were recomparisons between the two studies will vary to some extent due to the use of intact cores vs. disturbed soil.
duced on upper plots (Table 2 ). In terms of microbial C, there were significant differences between upper and The relationship between net mineralized N and sedimentation rates on upper plots was significant (r 2 ϭ lower plot values on all catchments where upper plots had received sediment at rates higher than 0.32 cm yr Ϫ1 . 0.41, P Ͻ 0.0001) (Fig. 4) . Comparisons of upper vs. lower plots within catchments revealed only one signifiThere were no significant differences within the reference catchments or D6 and D7, the two having the cant difference (Table 1) . Net mineralized N levels on the lower plot within catchment R2 were significantly lowest sediment accumulation rates apart from the references. In all cases where there were differences, the higher than those of the upper. The lack of differences ies because they are the most abundant in nature (Seastedt et al., 1989) . Collembola also was a dominant order in the Atchafalaya.
CONCLUSIONS
Sedimentation levels near 0.20 cm yr Ϫ1 were associated with marked declines in decomposition rates, N mineralization, and microbial biomass C and N. However, impacts of sedimentation on arthropod numbers and composition were not apparent. These data suggest that reduced decomposition rates could be associated with declines in microbial populations rather than changes temperatures and wider temperature ranges on upper disturbed plots could be causal factors in the shifts in lower plot values were higher. Similarly, catchments decomposition rates, N mineralization, and microbial with sedimentation rates above 0.32 (with the exception biomass. Decomposition rates, N mineralization, and of D3) displayed significant differences between upper microbial biomass appeared to reach a low equilibrium and lower plots in terms of microbial N ( Table 2) . As somewhere between long-term sedimentation rates of was the case with microbial C, where significant differ-0.32 and 0.5 cm yr Ϫ1 . ences did occur, lower plot values were higher.
Relationships between long-term (25-yr average) sedIn relation to long-term sedimentation, microbial C imentation rates and biogeochemical indices were stronger and N exhibited significant regression relationships (i.e., than for current year rates. This suggests that some bioboth P Ͻ 0.0001) with an r 2 value of 0.44 and 0.21, respecgeochemical alterations are driven by processes that octively ( Fig. 5 and 6, respectively) . A long-term sedimencur over longer time periods such as changes in litter tation rate between 0.32 and 0.5 cm yr Ϫ1 seemed to be quality reflecting vegetation transitions. Clarification of an approximate threshold beyond which major reducthe nature of the long-term influence would be a worthy tions in both microbial C and N became apparent. In goal of future studies. addition, microbial C and N on upper plots were signifiSedimentation rates as low as 0.20 cm yr Ϫ1 are not cantly correlated (r 2 ϭ0.73, P Ͻ 0.0001).
uncommon in floodplain forests (Hupp, 2000) . This is particularly true in catchments with significant amounts
Arthropods
of disturbance such as urbanization and agriculture. There was no relationship between numbers of arThese results imply that proper road maintenance should thropods and long-term sedimentation rates. Total counts receive a very high priority on military installations and from upper reference and disturbed plots averaged 139 other areas where highly erodible soils occur. Given and 156 per 100 g of forest floor in March and 255 and 173 the projected increases in human populations, a greater in September, respectively. These values are somewhat proportion of river basins throughout the world will higher than those recorded in coarse woody debris of likely be subjected to significant levels of disturbance. the Atchafalaya River basin by Lockaby et al. (2002) , Since even relatively low levels of sediment accumulaalthough this disparity might be expected between coarse tion can alter some aspects of biogeochemical cycling woody debris and foliar litter.
in riparian forests, key functions such as water filtration Regardless of sedimentation level, samples were dommight be vulnerable as well. inated by orders Acarina, Collembola, Coleoptera, and Although we did not measure surface roughness, our Diptera. Acarina often dominates in decomposition studfield observations on impacted sites suggest that higher levels of sediment may physically bury coarse woody debris, forest floors, and perhaps induce mortality in small vegetation. This would result in reduced roughness and, theoretically, less effective filtration since surface runoff velocities would be slowed to a lesser degree. Consequently, surface runoff containing sediment would be more likely to reach streams. During restoration of riparian forests that are likely to receive high sediment inputs, this possibility should be taken into account and consideration should be given to selection of vegetation species that are tolerant of sediment accumulation.
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